Background: Patient-reported health-related quality of life is an important outcome measure when assessing the quality of hip fracture surgery. The frequently used EQ-5D index score has unfortunately important limitations. One alternative can be to assess the distribution of each of the five dimensions of the patients' descriptive health profile. The objective of this paper was to investigate health-related quality of life (HRQoL) after hip fractures. Methods: Data from hip fracture operations from 2005 through 2012 were obtained from The Norwegian Hip Fracture Register. Patient reported HRQoL, (EQ-5D-3L) was collected from patients preoperatively and at four and twelve months postoperatively n = 10325. At each follow-up the distribution of the EQ-5D-3L and mean pain VAS was calculated. Results: Generally, a higher proportion of patients reported problems in all 5 dimensions of the EQ-5D-3L at all follow-ups compared to preoperative. Also a high proportion of patients with no preoperative problems reported problems after surgery; At 4 and 12 months follow-ups 71 % and 58 % of the patients reported walking problems, and 65 % and 59 % of the patients reported pain respectively. Patients with femoral neck fractures and the youngest patients (age < 70 years) reported least problems both preoperatively and at all follow-ups. Conclusions: A hip fracture has a dramatic impact on the patients' HRQoL, and the deterioration in HRQoL sustained also one year after the fracture. Separate use of the descriptive profile of the EQ-5D is informative when assessing quality of life after hip fracture surgery.
Background
Osteosynthesis of hip fractures, and in particular the displaced fractures of the femoral neck (FFN), has been associated with a high risk of reoperations [1] [2] [3] [4] [5] . In the later years, however, there has been a trend towards primary arthroplasty for the displaced FFNs [6, 7] and accordingly the number of reoperations for these specific fractures has decreased [6] . Nevertheless, for the individual patients any major reoperation represents a temporary increase in both morbidity and mortality. The number of reoperations has traditionally been the most common way of reporting the outcome after hip fracture surgery. The recent decades, however, an increasing number of studies on hip fractures have focused also on other outcome variables, such as functional outcome and patient-reported outcome measures (PROM) [1, 3, [8] [9] [10] . The importance of such PROM data when measuring the quality of surgery in orthopaedic studies has been advocated by several authors [11, 12] .
It is well-known that a hip fracture has impact on patients' quality of life [1, 3, 8, 9, [13] [14] [15] [16] [17] . Most studies that have used the EQ-5D-3L as an instrument for measuring quality of life have used the EQ-5D index score, which is a weighted value that can be calculated from different tariffs with adjustments for cultural and national differences. Several studies have lately reported important limitations of this index score, such as bimodal or trimodal distribution and a ceiling effect [18] [19] [20] . One other disadvantage of the EQ-5D index-score is that this single value does not provide information on in which way the patients' quality of life is reduced. To get as much information as possible from the EQ-5D data one alternative can be to investigate and report separately the distribution of each of the five dimensions of health-related quality of life; mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression, as presented in this study.
The Norwegian Hip Fracture Register (NHFR) has recorded hip fractures on a national level since 2005 [21] . Besides data on reoperations and mortality, the NHFR also provides PROM data including the EQ-5D-3L questionnaire. Based on data from the NHFR we aimed to investigate the changes in quality of life associated with hip fractures.
Methods
The NHFR collects data on hip fractures in Norway as a prospective observational study. Compared with the Norwegian Patient Registry, the completeness of the registration has earlier been found to be approximately 89 % [6] . The Norwegian Data Inspectorate approved the recording of data. All patients signed an informed consent form that was entered into their hospital medical record. Data on each primary operation for hip fractures are reported on standard one-page forms to the register by the surgeon. The form includes information on the patients (age, sex, cognitive function, and ASA-class [22] ), the fracture, and the operation. A more thoroughly description of the NHFR has been published earlier [21] . In the present study the fractures were categorized into three groups: intracapsular fractures of femoral neck (FFN), trochanteric fractures (including basocervical fractures), and subtrochanteric fractures (including AO/AAOS A3 "Intertrochanteric" fractures).
The patients received questionnaires directly from the register 4 and 12 months postoperatively. These questionnaires included the Norwegian translation of the Euroqol [23] . The Euroqol is a standardized non-disease-specific tool for describing the health-related quality of life. Both the health status part (EQ-5D-3L) and the visual analogue scale (EQ-VAS) were filled in by the patients. The EQ-5D-3L is based on five dimensions of health-related quality of life; mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each item has three levels of severity; no problems, some problems, or major problems. The EQ-5D data in this article are presented as health profiles from this descriptive system. The preoperative EQ-5D health profile was reported as part of the fourmonth questionnaire, and consequently retrospectively recorded by the patients. Furthermore, the questionnaires included a visual analogue scale (VAS 0-100) where the patients reported the average level of pain from the operated hip during the last months (with 0 indicating no pain and 100 indicating extreme pain).
Study sample
Patients operated due to an acute hip fracture and reported to the NHFR from 2005 to 2012 were eligible for inclusion in the present study. As of December 31, 2012 there were 63,231 hip fractures recorded in the NHFR. The four months questionnaire had been sent to 37,968 patients and the twelve months questionnaire had been Fig. 1 Flow chart of patients included in the study sent to 30,400 patients. The response rates to the questionnaires were 54 % at four months and 49 % at twelve months. Only patients who had received and completely filled in both the four-and twelve months questionnaires were included in the study. Patients who died before time of the planned follow-up and patients with too short follow-up did not received questionnaires. Further, due to economical/administrative reasons only a randomly selected group of patients in the time period 2007-2009 received the questionnaires. A total of 29,997 patients received both questionnaires. Of these patients 10,324 (34 %) answered both questionnaires completely, and were accordingly included in the study (Fig. 1) .
The baseline characteristics for responders and nonresponders are presented in Table 1 . The responders were statistically significant younger, healthier according to the ASA classification, and less cognitively impaired compared to the non-responders. Further, there were small, but still statistically significant differences both in type of fracture and type of surgery (Table 1) .
Statistical analysis
The results are presented as number and/or percent of patients reporting quality of life in each level of the five EQ-5D dimensions. The Pearson chi-squared test was used for comparison of categorical variables and the independent t-test was used for continuous variables. We performed sub-analyses for each of the five dimensions including only patients reporting no problems preoperatively. Further, separate analyses were done for different fracture types (FFN, trochanteric fracture, and subtrochanteric fracture) and for different age groups (<70 years, 70-80 years, and > 80 years). We did not adjust for patients who were operated on both sides. The significance level was set to 0.05 and all p values were two-tailed. The statistical analyses were performed in the statistical package IBM SPSS statistics version 21 (SPSS Inc., Chicago, IL).
Results

Quality of life
Preoperatively, the majority of the patients reported no problems in each of the five dimensions of the EQ-5D ( Table 2 ). Compared to their preoperative status, the proportion of patients reporting problems at four months more than doubled in the dimensions regarding mobility and self-care, and almost doubled regarding usual activities and pain/discomfort. At twelve months postoperatively there was still a marked increase of patients reporting problems in these dimensions compared to preoperatively. For the last dimension (Anxiety/depression) the changes were less evident.
When performing sub-analyses for each of the five EQ-5D dimensions including only patients with no reported problems preoperatively, there was still a high proportion of patients reporting problems after four and twelve months ( Table 3 ). In the group of patients reporting no problems in walking preoperatively 71 % reported problems after 4 months and 58 % had problems after 12 months postoperatively. Corresponding results were found for the ability of performing self-care and for usual activities where 29 % and 53 % respectively reported problems twelve months postoperatively. As much as 60 % of the patients with no preoperative pain reported pain twelve months postoperative. The quality of life by the EQ-5D proportions for the different fracture types is presented in Additional file 1. The patients operated due to trochanteric fractures reported statistically significant more problems preoperatively than the other fracture types. The patients operated due to a FFN reported statistically significant lesser problems at all follow-ups compared to other fracture types. Regarding anxiety and depression the differences were less evident, but still better results were reported for the FFNs. The changes in severity level from preoperative to the four months follow up for each of the dimensions of the EQ-5D and for each fracture type are shown in Fig. 2 . More than half of the patients with FFN reported no changes in the severity level of each dimension at four months postoperatively compared to their preoperative quality of life. Compared to patients with FFN, a higher proportion of patients with trochanteric and in particular subtrochanteric fractures reported increased problems in all dimensions at four months postoperative. For all fracture types only a small proportion of patients reported less problems four months postoperative compared to their preoperative functional level. Figure 3 shows the mean VAS pain from the operated hip at the two postoperative follow-ups. Differences in mean pain between the different fracture types were found at all follow-ups; i.e. patients operated for a FFN reported the lowest pain at all follow-ups compared to trochanteric and subtrochanteric fractures. For all fracture types the mean pain decreased over time. However, the mean pain after 12 months was still between 22 and 28, indicating that pain from the operated hip still may be an issue for at least some of the patients.
PROM data according to age
The youngest age group (<70 years) reported the best quality of life in all dimensions except pain/discomfort at all follow-ups compared to the older age groups [see Additional file 2]. However, even in the youngest patient group problems in all dimensions were frequent following hip fractures. After twelve months more than 56 % of the youngest patients had problems in walking, 23 % had problems with self-care, and 51 % had problems performing usual activities. The oldest age group (>80 years) reported problems most frequently. The differences between the age groups were statistically significant in all dimensions and at all follow-ups.
Discussion
To our knowledge this is the first study presenting complete descriptive EQ-5D health profiles for a large group of patients with hip fractures on a national level. The quality of life according to the EQ-5D was considerable reduced after a hip fracture and the deterioration sustained the first year postoperatively. The changes in EQ-5D were present in all age groups and for all types of fracture. The most interesting finding was, however, that also a lot of patients reporting no preoperative problems in walking, with self-care, and in performing usual activities experienced the same deterioration in function.
The deterioration in quality of life after hip fractures found in the present article is in good accordance with earlier results from both randomized trials and prospective studies [1-3, 5, 24-26] . Most studies reporting quality of life results have used the EQ-5D index score. As these scores can be based on different tariffs, with adjustments for cultural and national differences, the values presented in different studies may not be directly comparable.
The patients with femoral neck fractures reported less problems, higher quality of life, and lower average pain from the operated hip at all follow-ups compared to those with trochanteric or with subtrochanteric fractures. In Norway, there has been a change from closed reduction and internal fixation towards extensive use of hemiarthroplasties in the treatment of displaced femoral neck fractures [6] . Hemiarthroplasties have in earlier studies been found to result in fewer reoperations and provide better functional results than internal fixation for femoral neck fractures [1, 2, 27] . Accordingly, treatment with hemiarthroplasty is probably one reason to the good PROM outcomes for the femoral neck fractures in the present study. Patients with trochanteric fractures reported more problems and pain preoperatively compared to the other fracture types. The reason for this is unclear. However, one contributing factor can be that patients with trochanteric fractures earlier have been found to be older than patients with other fracture types [21, 28] .
One interesting finding in this study was that a surprisingly high proportion of the patients reported no changes in the severity levels of EQ-5D-3L at four months postoperatively compared to their preoperative levels. These results probably illustrate one important limitation of the EQ-5D-3L. With only three severity levels the discriminatory power may be too low. When analyzing the results of hip fracture patients, one should have in mind that a high proportion of these patients have a reduced walking ability, have problems with selfcare and in performing usual activities, and are suffering from pain or discomfort already before the hip fracture. Consequently, the EQ-5D-3L instrument may have problems in detecting further deterioration in quality of life.
Strength and limitations
The strengths of our results are the high number of patients and that we present nation-wide results. The response rates of the 4 and the 12 months questionnaires were approximately 50 % for the living patients, and the response rate of patients answering both questionnaires was only 34 %. The reason for this low response rate is probably high age and high degree of comorbidity among the patients. Reminders could probably have improved the response rate. The study population represented a selected group of patients as they have all survived the first 12 months after surgery and answered the 12 months questionnaire. The results showed that they were younger and healthier than the non-responders. This is also verified when comparing the baseline characteristics of patients in the present study with earlier studies from the Norwegian Hip Fracture Register, which has reported on older and more comorbid patients [2, [29] [30] [31] [32] [33] . Accordingly, one major limitation of the present study is the risk for selection bias. Thus, the results reported in this study may be a best-case scenario excluding the oldest and most comorbid patients with the expected worst quality of life. However, even if a selection bias exists, the absolute number of patients reporting problems following hip fractures was still high. One other limitation of the study is that it was not a randomized trial and, accordingly, no matched control group. We cannot conclude that all the changes in quality of life over time were caused by the hip fracture itself. To some extent these changes were probably part of the natural life course for these old and frail patients irrespective of the fracture. The EQ-5D index score has been thoroughly validated in several studies including elderly hip fracture patients [34] [35] [36] [37] [38] . As far as we know, similar validation of the EQ-5D health profiles has not been done. However, the use of EQ-5D health profiles as used in the present study is one of the recommended methods to present quality of life results according to the EuroQol group [39] . Finally, a recall bias may exist as the preoperative EQ-5D data was retrospectively recorded four months after surgery. Two studies have found moderate or good correlation when comparing recalled data and prospective data in outcome studies after arthroplasties [40, 41] .
Consequently we believe we largely can trust the recalled preoperative data.
Conclusions
A hip fracture has a dramatic impact on the patients' HRQoL, also for patients with no health-related problems preoperatively. The deterioration in HRQoL sustained also twelve months after the fracture. The use of the descriptive profile of the EQ-5D is useful when assessing quality of life after hip fracture surgery. 
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